Study objective-To identify variables available in early Swedish delivery records and their relation to birth outcomes for home and hospital deliveries in Gothenburg at the early part of this century. Design-A retrospective recovery of original delivery records and social variables in a cross sectional population. Setting-Gothenburg, Sweden. Participants-851 fullterm singleton female births with known gestational age born into five birth cohorts on selected dates (1908, 1914, 1918, 1922 and 1930). Main results-Delivery site, maternal parity, gestational age, and social group were significant factors influencing birth outcome as birth weight and length. The mean birth weight and length of hospital born infants was consistently lower than for home deliveries across all cohorts. Site of delivery changed significantly during the period of births under study, 1908-1930. Conclusions-In this study, which was based on original delivery records from the early part of this century, it was found that delivery site was an important factor influencing birth outcome across five birth cohorts. Utilisation of delivery services changed during the period of study. Thus, to avoid selection bias, the application of delivery records should reflect the birthing practice of the time period in question. (J Epidemiol Community Health 2000;54:269-278) 
The period of fetal development seems to have strong implications for later health and morbidity. Much interest has been recently focused on the theory that a number of common chronic illnesses may have their origin already during the period of fetal development, also known as the fetal origins hypothesis. 1 2 Numerous studies have presented evidence that diseases such as coronary heart disease, [3] [4] [5] [6] hypertension, 7-10 diabetes [11] [12] [13] and cancer [14] [15] [16] [17] may originate in utero. Current accepted risk factors cannot fully account for the development of these diseases. This hypothesis has lead to a new way of looking at pathogenesis with widespread international impact. Meanwhile, there has been criticism that studies in this area have been unable to account for gestational age, have limited follow up possibilities and ignore social factors. 18 19 Furthermore, the quality of the underlying birth data needs to be assessed. There is a need for studies that answer these criticisms and to investigate further the explanatory mechanisms in support of or refuting the hypothesis.
Basic to studies of this hypothesis is the need for accurate data at the time of birth. Investigation into the relation between indicators at birth and morbidity in later life requires subjects to be middle aged to elderly at the time of study, thus requiring birth data dating back to the earlier part of the past century. Access to original maternity records for birth weight determination as well as various other variables at birth must be considered the gold standard. In Sweden, hospital and home birth delivery records from the 1800s onward have been well preserved in city and regional archives.
The overall interest in birth data is of a medical nature, however such data must also be seen in its historical perspective for proper interpretation of results and to be able to draw appropriate conclusions. Medical requirements, geographical proximity as well as social and economic aspects may influence the choice of delivery site, home or hospital, and these factors may change over time. If only hospital births are included in a study, do they reflect the norm for that period or was home delivery the current practice? Is there a diVerence in birth outcome for home as compared with hospital births that could then result in a biased sample if not all delivery sites are included in an investigation? What variables are available from delivery records and do they vary over time, which in turn would influence the data analysis? These questions are relevant when determining the suitability and applicability of any birth data.
The primary objective of this study was to examine birth outcome considering the anthropometric indicators birth weight and length, from original delivery records, in relation to sociodemographic factors at birth for home and hospital deliveries in the early part of the past century. As this database has far reaching potential for investigating the fetal origins hypothesis, factors and considerations in the application of early Swedish birth data are also discussed.
Methods
A prospective population study of women was initiated in 1968-69 in Gothenburg, Sweden. 20 Women born 1908, 1914, 1918, 1922 and 1930 on selected dates and residing in Gothenburg at the onset of the study were invited to participate in the investigation. A total of 1462 women participated at the onset, with follow up examinations in 1974-75, 1980-81 and 1992-93. [21] [22] [23] The systematic sampling method, based on date of birth, and a high participation rate (90.1% of those invited), ensured that the women studied were a representative cross section of women from the community of the ages studied. To have a complete picture of the original birth cohorts of women, not only those who survived to the 1968 population study onset, all female live births in Gothenburg born on the study dates were identified from birth registers in the 22 parishes that comprised the city of Gothenburg in 1968. The present analysis is limited to female live births in Gothenburg.
DELIVERY RECORDS
Original delivery records with maternity data for the births of the study participants were traced in city and regional archives with additional sources including various county archives, health centres and even museums. Records are not computerised for that time period and thus each individual record was searched for based on the date of the subject's birth and the mother's name. Church records were used to confirm the mother's age, place of residence and parity (number of previous births), which were routinely recorded in the delivery records.
DELIVERY VARIABLES FROM MATERNITY RECORDS (1782-1930)
The information recorded in maternity records developed from very basic personal information in 1782 to relatively simple description in 1839 and to more precise measurements by the early 1900s. Standardised maternity data collection forms were used for home deliveries throughout the country and were periodically redesigned. Hospital delivery records throughout Sweden were more varied in design, although the basic contents were similar.
Home deliveries-Midwife records of 1908, in the format as found from 1881-1912, were basic in the information recorded. Mother's name, age, place of residence, number of previous births, and marital status were recorded. The course of delivery was noted from time of first labour pains, breaking of the amniotic sac (water), time of delivery of the infant and information on the birth of the placenta. For the infant (fetus), the birthing presentation, sex, maturity (full term or premature) and condition (alive or dead) were recorded. The mothers were checked again after one month and were noted as "healthy", "sick and bedridden" or "dead". It is important to note here that birth weight and birth length were not recorded until 1912 and 1917, respectively, for home deliveries.
Home deliveries in 1914, format in use from 1912 to 1917, built upon the records described for 1908, however with several important additions. Date of last menstrual period was recorded, so that gestational age determinations were possible, and the birth weight of the infant was recorded. Parity was specified as number of live births, stillbirths and miscarriages. Also reported was the presence or absence of protein in the urine of the mother.
In addition to the variables mentioned above, birth length is found from 1917 onward and starting in 1926, even head circumference (table 1) .
Hospital delivery records were more detailed than those for home births during the population study period 1908-1930. The record formats for the 1908 and 1914 cohorts were identical and were in use starting 1893. As with home birth records, mother's name, age (and date of birth), place of residence, number of previous live births, stillbirths and miscarriages as well as marital status were recorded. In addition, paternal information (if married) was included-as name and occupation of the father. Presence or absence of protein in the urine was recorded as was illness before and during the pregnancy. The delivery process was closely monitored and recorded with comments on external and internal examination of the mother. Birth weight, birth length, head circumference and weight of the infant at discharge were recorded. In addition to the data described above, placenta weight was recorded from April 1918 onward (table 1) .
The only change in the 1930 hospital records was the addition of maturity determination, which was included from 1927 onward. This included the infant's skin colour, condition of the skin, fullness of the limbs, presence of "woolly hair" on the body and length of fingernails. All hospital records allowed room for comments by both the midwife and attending physician.
PARENTAL CHARACTERISTICS AND SOCIODEMOGRAPHIC VARIABLES
Information on sociodemographic characteristics was collected by thorough review of church birth registers in each parish and from the delivery records. Maternal marital status (unmarried, engaged, married, divorced or widowed) was determined from parish records. Married and engaged are considered together here as "married" because engaged was an accepted form of cohabitation (in the eyes of the church) for the birth period studied. "Unmarried" includes unmarried, divorced and widowed mothers.
Maternal age was recorded in all delivery records and/or was available from parish records. Maternal parity, defined here as number of births (live and stillborn) before the birth of the subject under study, was collected from the delivery records supplemented with church records.
Parental social group, from parish records, was based on the father's occupation at the time of the birth or if the parents were not married, then the mother's occupation. Parental occupation was classified into five socioeconomic groups according to Carlsson. 24 Group I according to this classification were large scale employers, professionals and oYcials of high rank. Group II includes small scale employers, landowners and oYcials of intermediate rank.
Group III represents oYcials of lower rank and foremen. Both Group II and III are considered "middle class" occupations. Group IV included skilled workers and Group V was unskilled manual workers.
Delivery site was defined as home, hospital or private maternity home. Home deliveries were attended by a trained midwife who was required to record specific information for each birth and to further report to the city or provincial medical oYcer in charge. A medical doctor could be called for assistance in diYcult cases, however even instrument assisted deliveries could be carried out by midwives trained for this task. 25 There was only one maternity hospital in Gothenburg during the period of investigation , called "Barnbördshuset". Births were attended by trained midwives and midwifery students. A medical doctor was called in for complications, instrument assisted births and for placenta extraction. From 1911, a private maternity home was also available, which was run by two midwives (Göteborgs Privata Förlossningshem) that later included more advanced maternity and gynaecological care.
For the purpose of this report, birth weight and birth length are examined as they are the main outcome variables to be found in both home and hospital delivery records.
STATISTICAL METHODS
Standard methods were used to calculate mean values, standard deviations, 2 , Spearman correlation, two sample t tests and construction of 95% confidence intervals. Probit analysis (Normal plot) as described by Altman was used to examine the distribution of birth weights by cohort. 26 For comparison, the probit plot also includes raw data from the Swedish Medical Birth Registry, comprising all fullterm live singleton female infants born in Sweden 1991-1995 to determine birth weight distribution in a modern Swedish population. Trends in birth weight and sociodemographic factors were assessed by simple linear regression. Analysis of covariance was performed with birth weight and birth length as dependent variables. The initial models included those covariates we believed would contribute to the model as independent variables (birth cohort membership, delivery site, maternal age, maternal marital status, maternal parity, gestation time and parental social group) and in interaction: birth cohort and maternal age, parental social group and maternal marital status and birth cohort and delivery site. As the eVect of cohort diVered between delivery sites (no trend for home delivery while a positive trend for hospital), as a more intuitive model we reparameterised site and cohort into separate cohort eVects for each delivery site. Gestational age cannot equal zero, thus this variable was transformed to gestation minus a centred value of 40 weeks (gestation−40 weeks). The intercept therefore reflects the predicted birth weight/length where gestation equals 40 weeks while the remaining covariates originate at zero. The SAS software release 6.12 statistical package was used for all analyses and probit plot.
Results

BIRTH DATA
There were 1287 live female births in Gothenburg on the study dates for the five cohorts under investigation. Original delivery records for 84% (n=1084) of the women born in Gothenburg were retrieved of which 1021 included data on birth weight. For the analyses presented here, only singleton births with known gestational age >37 weeks but less than 45 weeks, and for whom birth weight was recorded are considered. Excluded were 17 twins (mean birth weight 2692 g, SD 366 g), 47 births with unknown gestational age (3508 g, SD 589 g), 92 pre-term (<37 weeks) (2872 g, SD 798 g) and 14 post-term (>45 weeks) (3724 g, SD 429 g) births as calculated from date of last menstrual period. Twin births were removed from the analysis as birth weight is known to be lower than average than for singleton births. 27 A total of 851 female births were finally eligible for inclusion. Maternal characteristics (from parish registers) did not diVer between mothers for whom original delivery records were retrieved (and therefore included in the following analyses) and those for whom records were not traced. No significant diVerences were found in maternal age (p=0.70, two sample t test), maternal parity (p=0.21, two sample t test) nor in maternal marital status ( 2 =3.4, p=0.07).
TREND IN DELIVERY SITE Figure 1 illustrates the trends in the utilisation of delivery services during the period of the births of the five cohorts. In 1908, 79% of all births took place in the home while by 1930 the majority of births (60%) took place in hospital. A strong linear trend ( 2 =104.8, p<0.0001) was found for the increase in hospital births over time. For the same period, a significant increase in births at the private facility occurred ( 2 =9, p=0.003) even if the number of cases (n=32) was small.
DISTRIBUTION OF BIRTH WEIGHTS
The distribution of birth weights of the five birth cohorts by probit analysis is presented in figure 2 . The plot shows that the birth weights of the latest four cohorts have a reasonably straight line (normal) distribution with a median birth weight of approximately 3500 g. The birth weight distributions of these early cohorts are similar to that of a modern population using the birth weight distribution (heavy solid line) of all fullterm female singleton live births in Sweden born 1991-1995 for comparison. The oldest cohort, those born 1908, shows a divergence from the other four cohorts. Birth weight was not recorded for home births in 1908 and thus only hospital births for 1908 are represented in the probit plot.
SOCIAL FACTORS
The proportion of unmarried mothers decreased from 21% in 1908 to 11% in 1930. With respect to delivery site, unmarried mothers in the hospital setting accounted for 40% of the births in 1908 gradually decreasing to 9% in the 1930 cohort. On the other hand for home births, the proportion of unmarried mothers remained relatively stable throughout the five cohort periods (17, 18, 12, 9 , 16%, respectively, 1908 to 1930). Only 5% of the mothers were under 20 years of age at the time of the birth of the infant under study. Forty three per cent of the mothers were 30 years or older.
The proportion of primiparous births was consistently higher in the hospital setting than for home births across all cohorts. For hospital births: 30, 56, 47, 43, 52%, respectively 1908 to 1930. For home births: 21, 25, 22, 23, 37%, respectively 1908 to 1930. Of the multiparous mothers, with four or more previous births, 74% gave birth at home. Of the total primiparous mothers, 20% were unmarried. Of the unmarried mothers, 61% were primiparous in contrast with 37% of those who were married.
Birth weight and length were significantly positively correlated with maternal marital status (higher birth weight and length in infants born to married mothers), maternal age, maternal parity and gestational age (table 2) . Birth weight and length were negatively correlated with delivery site (lower birth weights and lengths found in hospital births), analysed with all cohorts combined. Delivery site, (home compared with hospital), was significantly negatively associated with maternal marital status (unmarried mothers gave birth more frequently in the hospital setting), maternal age (younger mothers delivered in hospital), maternal parity and cohort membership (those women born in the earlier cohorts were more frequently delivered at home). Lower social groups tended to deliver in hospital.
SOCIAL FACTORS IN RELATION TO BIRTH WEIGHT AND LENGTH
Univariate analysis of birth weight and parental sociodemographic characteristics at the time of the birth is shown in table 3 and for birth length in table 4. The 1908 cohort is excluded (n=14) from the birth weight analyses because of the lack of birth weight data for home deliveries for that cohort. For the same reason, the 1908 and 1914 cohorts are excluded from birth length analyses (n=125).
Infants born in hospital weighed significantly less than home deliveries (p<0.001, two sample t test) (table 3). Birth weights of infants born to unmarried mothers were significantly lower than for infants born to married mothers for cohorts combined (p<0.001, two sample t test). This held true at the individual cohort level for the 1914 and 1918 cohorts. However, there was no significant diVerence in birth weight for home and hospital births for the 
KEY POINTS
x Delivery site (home or hospital), maternal parity and gestational age influence birth outcome as birth weight and length. x Weight and length of hospital born infants at the early part of the 20th century were consistently lower than for infants delivered at home. x Inclusion of delivery records should reflect delivery services for the time period under study to avoid selection bias.
1922 and 1930 with respect to maternal marital status (two sample t test). The mean birth weight of infants born to unmarried mothers was 196 g lighter than for infants born to married mothers (cohorts combined). Test for trend showed that birth weights increased significantly with maternal age (p<0.001) and with increasing parity (p<0.001) but not with parental social group (table 3) . Infants born in hospital were significantly shorter than home delivered (p<0.001, two sample t test) (table 4). Birth length showed a significant positive increase with increasing maternal age and maternal parity, but no diVerence by maternal marital status. There was evidence of a trend between birth length and parental social group (p<0.05).
Mean birth weights for the three delivery sites-home, hospital and private facility-are presented in table 5 by cohort and total study population. The mean birth weight for home deliveries was significantly higher (3683 g SD 524 g) than for hospital deliveries (3358 g SD 472 g) (p<0.001, two sample t test). Home births weighed consistently significantly more than hospital births across all cohorts (p<0.0001). Within delivery site, simple linear regression showed a significant positive trend in birth weights over time for hospital births (p<0.0001). No trend was seen for home births.
The mean length at birth was significantly longer for home births (50.9 cm SD 2.9) than for hospital births (49.9 cm SD 1.9) (p<0.001, two sample t test) for cohorts combined (1918, 1922 and 1930 
Discussion
The measures and information recorded in early Swedish delivery records (1782-1930) have evolved over time. Variables such as birth weight and birth length, major factors of interest in the investigation of the fetal origins hypothesis, are only found from 1912 and 1917 onwards, respectively, for all sites, limiting the usefulness of earliest data. Inclusion of date of last menstrual period makes it possible to account for gestation time. As a number of social factors can be derived directly from birth records, this data source is not only unique in providing a means to ascertain anthropometric indicators but even accounting for eVect of various social indicators. All births in Sweden (including stillborn) have been systematically recorded in each parish for over 300 years. It was the duty of all persons to inform the local parish that a person was leaving the parish and to report to the new parish to be recorded there. This function and the unique 10 digit personal identification number issued to all persons in Sweden makes it possible to follow up persons prospectively as well as retrospectively through the life span. This in turn makes it possible to trace the name of the subject's mother necessary for locating delivery records. This is especially important in tracing adult female subjects because of the change in surname with marriage.
One might question the quality of birth outcome measurements made earlier in the early 1900s. All midwives were required to have formal training from 1907 with nine months general midwifery complemented with three months training in instrument assisted delivery. 28 In 1908 every county in Sweden was required to employ a trained midwife. 28 By the year 1924, a two year midwife training programme was started. Obstetrical data for home and hospital births for men born in 1913 in Sweden were evaluated by Eriksson and coworkers where they found the records to be of good validity. 29 In our study, the distribution of birth weights of fullterm female infants, as shown in figure 2 , follows that of a modern day population that also indicates good quality of the early birth weight data. Probit analysis of birth length (not shown) found a similar distribution as for birth weight, again indicating data quality.
Many previous studies on the relation between birth weight and later morbidity have been based on maternal recall or self reporting of birth weight. 5 13 15 16 30 31 Recalled and self reported birth weight data may be subject to errors of memory and are often limited by categorisation into pre-determined birth weight divisions. It is understandable that where there is no possibility to attain original delivery records that reported birth data may be the only solution. However, that error and even systematic bias may occur cannot be ruled out. A strong correlation between reported and original birth weights is not enough to accept the validity of reported measures. Agreement between measurements must also be assessed. 32 In this study we achieved a high rate (84%) of recovery of original delivery records for women born in Gothenburg. Where records were not found, it can be assumed that these were home births. The hospital birth recording system, where each birth is recorded in a hospital birth record book, acts as a confirmation for the records bound in the archives. Full coverage can be assumed. For the home deliveries, no systematic recording, beyond the records in each midwifes recording diary, was available for confirmation. However, after thorough review of parish birth notifications, we were able to ascertain for 47% of the missing records that these were home deliveries as the notifications were frequently signed by the attending midwife and/or from a notation in the parish birth record book. Missing records were not likely to be selective as, for the most part, they reflected specific midwives where the material was not handed over to the archive authorities. Even "secret" births, where the mother's name "unknown" and the mother's date of birth and parish were routinely recorded in the delivery records, were traceable from birth through adulthood by means of parish records.
In this study we have been strict in defining fullterm gestation. We have excluded all births where no date of last menstrual period was reported as well as calculated gestation time of less than 37 weeks and greater than 45 weeks. Lack of menstruation between pregnancies is a partial explanation for missing data. The reported date of last menstruation is of course subject to errors of memory. However, at this period in time , the "rhythm method" was essentially the only form of pregnancy prevention available leading to the assumption that women were most probably conscious of their menstrual cycles.
The period of birth covered by the population study, 1908-1930, illustrates a period of transition in the utilisation of delivery services in Gothenburg. A shift in delivery site occursfrom a majority of home births for the 1908 cohort to a slight majority of hospital births for the 1930 cohort as was shown in figure 1 . At a national level, Höjeberg reported a shift in home births from 90% at the end of the 1800s to 35% in 1940. 28 This is important to consider as birth data collected from hospital records only, (which are more easily accessed than home delivery records), may not be representative of the current practice of the time period investigated leading to a systematic bias in the data.
Previous studies may have been biased by including only hospital deliveries. 6 7 14 33 34 In a Swedish study, evidence of a positive, but not statistically significant, association between birth weight (from hospital deliveries only) and breast cancer in adulthood was found.
14 One can speculate that significance may have been reached had the study included all delivery sites, with the knowledge that home births, on average, were heavier than hospital births for that time period. In the early 1900s, women in Sweden who sought hospital-based delivery were often poor, unmarried, had no home where they could deliver, or were considered at high risk for complications. 25 A review of hospital delivery records for the late 1800s in Gothenburg found that 70% of the mothers were unmarried in 1880 (unpublished observation, SWA) while in our data for 1908 the proportion of unmarried hospital deliveries had reduced to 40%.
The probit plot (fig 2) serves to illustrate the importance of a representative inclusion of delivery records to cover all forms of delivery service for the period of investigation. The shift towards lower birth weights for the hospital born births for the 1908 cohort, which accounted for less than 30% of the births for that cohort, illustrates the bias that may result from the utilisation of hospital records only. Probit plots for the other cohorts treating delivery sites separately (not shown here), showed a similar shift, with consistently lower birth weights and lengths for hospital births across all cohorts. Again, this illustrates the importance of including all delivery sites to avoid a selection bias. The inclusion of only hospital births for this time period would result in an over representation of births of high risk pregnancies, unmarried mothers and groups of lower socioeconomic status all factors known to negatively influence birth outcome.
Social indicators, as covariates or confounding factors, are important in the analysis and interpretation of birth data. However, such information has been found to be lacking in studies of the fetal origins of disease. 19 Social factors may influence choice of maternity services and directly play a part in birth outcome. 35 The finding that mean birth weights in this study were significantly diVerent dependent on delivery site may be a consequence of social and medical factors influencing choice of delivery site. This was illustrated by the consistent lower birth weights found for hospital births for the earliest cohorts studied through to the latest (1914) (1915) (1916) (1917) (1918) (1919) (1920) (1921) (1922) (1923) (1924) (1925) (1926) (1927) (1928) (1929) (1930) . The overall test of the model is clearly significant (tables 7 and 8). However, a substantial portion of the variance is still unexplained as evidenced by the r 2 , although better for birth weight than birth length in the models presented. The only social factor that contributed significantly to the birth weight model was delivery site, while for birth length, both social group and delivery site were significant. Maternal parity and gestational age contributed significantly to both models. Although the study design did not permit inclusion of other known factors influencing size at birth such as smoking and alcohol consumption during pregnancy, these factors were not common practice for women during the time period under study . Our finding of a strong association between delivery site and birth weight is supported in a study of men born 1913 in Gothenburg. 29 The increase in birth weight and length in hospital born infants for the period 1908 to 1930 may be explained by the gradual shift from home to hospital births during this period. As the proportion of home births diminished and hospital delivery became the more accepted delivery site, births that previously would have taken place in the home moved to the hospital setting contributing to the birth weight and length increase. The proportion of unmarried mothers, however, remained higher for hospital births in the four earliest cohorts while in the 1930 cohort a downward shift was found. Primiparous births accounted for 48% of hospital births for all cohorts combined. On the other hand, only 25% of the home births were primiparous. As first borns are known to weigh less than their later siblings, 36 this factor would also contribute to the lower birth weights for the hospital born population.
Social group was not found to have a significant eVect on birth outcome in this study when classifying the occupational group based on the mother's occupation if unmarried, and the father's if the parents were betrothed or married. This is the common method of classifying social group. However, one can question the appropriateness of including married and unmarried mothers in the same classification as the social situation as a whole was undoubtedly diVerent for an unmarried pregnant woman in the early 1900s than for one who was wed. When we analysed unmarried women as a separate social classification, the birth weights of their infants were significantly lower than for infants born to wed parents across all social classifications.
In conclusion, the combination of access to birth data from the early part of the past century and the possibility of follow up from birth through adulthood in Sweden, provides an excellent opportunity for the investigation of the influence of birth outcome on disease and mortality in later life. Such data from original records are rarely found in other countries long enough back in time to be able to study outcomes in late adulthood. The appropriate application of such data must however be considered, to ensure that the utilisation of these delivery records reflects the birthing practice of the time period in question.
